Similarly to what happens with artificial ionic exchangers (9, 11, 17), two equilibria occur during the titration of the cell walls. The first one is the dissociation of the carboxylic groups:
Similarly to what happens with artificial ionic exchangers (9, 11, 17) , two equilibria occur during the titration of the cell walls. The first one is the dissociation of the carboxylic groups:
AH=-A-+ H+ with the dissociation constant:
(1) (2) CA, CAH and CH are, respectively, the concentration of the carboxylic group dissociated or not and of the free protons in the wall. The second equilibrium corresponds to the possible exchange of counterions Mz+ and H+ between the wall and the external solution:
MZ+ + zH+ = Mz+ + zH+ (3) where the bars refer to the wall phase, and z is the valency of the counterion.
In such a system, the distribution of counterions is characterized by the selectivity coefficient (9): 
Plant cell walls contain charged groups (uronic acids, proteins, sulfate esters) (3, 1 1) which make them behave as ionic exchangers with relatively high capacities (5, 6, 12, 16, 18) .
Some of these groups (especially uronic acids) are more or less ionized according to the ionic strength, the pH, the solution composition, etc. (16, 18, 19) . Therefore, the capacities and the selectivity coefficients may vary in the different experimental conditions; the relative importance of these effects depends on the very nature of the polyion, the characteristics of which are summarized by the intrinsic pKa (4, 10, 16) .
We have, therefore, endeavored a systematic study of the titration of plant cell walls. This was done on Lemna minor L., for which we had already a certain amount of experimental data (1, 2, 5, 6, 12) .
THEORETICAL APPROACH
We shall restrict our analysis to the case when the carboxylic groups are neutralized (the ionization of the amine groups remaining negligible on the studied scale of pH). Besides, with an average distance of 15 A between the carboxylic groups, we can assume that the electrostatic interactions between the ionizable sites remain weak; and, therefore, the intrinsic pKa remains independent of the over-all state of ionization of the polyelectrolytes. Let (8) Here we restrict the analysis to the case when the degree of neutralization is high, i.e. when an important part of the protons has been neutralized by the hydroxyls of the titrating base.
The degree of neutralization a represents the ratio of the amount of fixed charges which are neutralized by the counterions to the total amount of ionizable groups CAl: 
Equation 11 shows that the pH in the outside medium depends on the experimental conditions: ionic strength, concentration of fixed ionizable groups, and charge of the counterion which is brought by the titrating agent. Such a situation is very different from that described by the classical Henderson-Hasselbach equation: pH = pKa + log a (12) as used for the electrolyte solutions. In fact, the use of the Henderson-Hasselbach equation has already been criticized for the case of the artificial ionic exchangers (9, 17) . give a straight line with an intercept, the value of which depends on the ionic strength. If the value of the exchange constant could be obtained by an independent method, it would allow the determination of the intrinsic pKa value.
MATERIALS AND METHODS
The experiments were made on Lemna minor grown and sampled in the same conditions as previously described (6) . In order to avoid any influence of the proton extrusion from the cytoplasm through the plasmelemma, we have worked on isolated cell walls, and not on entire systems.
Isolation of the cell walls was done, as previously indicated (12) , following a method modified from references 7, 8, and 14. The walls were put into the H-form by equilibration against 0.1 N HC1; they were filtered and then rinsed with the smallest quantity of water (in order to avoid hydrolysis of the carboxylic groups). The walls so prepared were considered as the reference state.
In a first attempt, titration was effected on a single sample of protonated walls (50 mg, dry matter), by adding successive amounts of hydroxide. However, especially when arriving near the titration point, the time of equilibration was so long (several hours) that the method had to be abandoned.
Therefore, in the actual experiments, titration was performed by preparing several samples of protonated cell walls, and adding at the same time the different amounts of hydroxide. Nitrogen was flowed through the solution in order to prevent absorption of CO2. During the pH measurements the solution was not stirred.
RESULTS
Time Course of Neutralization. The experiment was carried out by neutralizing the Lemna cell walls with 0.1 N NaOH. No salt was added, in order to remain in low ionic strength conditions. The time allowed for equilibration was either short (I h) or long (more than 20 h); the results are given in Figure 1 , where curves a and b, respectively, correspond to the short and long equilibration period.
For 1-h equilibration, a single inflexion point is found, near pH 7. This would correspond to the neutralization of the most easily accessible sites, with fast exchange kinetics (estimated capacity, 0.3 meq/g fresh cell walls). With many previous authors (4, 16, 18, 19) we think that these sites might correspond to the uronic acids.
For the longer times of equilibration, two or three inflexion points are observed. The first one probably corresponds to the single inflexion point of the previous curve, because the capacity is again 0.3 meq g-1; but it is now shifted down toward pH 5. The second one is observed at pH 8.8, with a capacity of 1.2 to 1.3 meq g'1. The possible third point of inflexion is obtained at pH > 11.5. The second and third equilibration points might correspond to the presence of ionizable groups other than the uronic one (proteic for instance), or to the hydrolysis of methyl esters from the pectic substances (16) .
Besides, the results depend on the nature of the counterion. When titration is performed with Ca(OH)2, 1 or 20 h do not make any difference. In what follows we shall thus perform titration by Ca with 1-or 20-h equilibration indifferently. The second inflexion point is obtained only after 48 h and for a high ionic strength in the medium (10-1 M) . This effect of Ca2+ can perhaps be explained as corresponding to a stabilization of the structures or a protection of proteins against denaturation.
Effect of Different Counterions. The experiments were carried out at low ionic strength (no added salt) and with 20-h equilibration time. Neutralization of the cell walls was performed by NaOH, KOH, or Ca(OH)2. Figure 2 summarizes the results. The curves obtained with NaOH and KOH are exactly superimposed (curve a), whereas that obtained with Ca(OH)2 is shifted toward lower pH (curve b) at least for the first neutralization. This observation is fully consistent with what was also obtained with artificial ionic exchangers; it corresponds to the relative selectivity of the fixed charged groups for the different counterions; a strong interaction tends to increase the relative acidity of the groups, hence the interest in studying the affinity of the sites for the different counterions, which will be done below.
Effect of Ionic Strength in External Medium. The cell walls have been titrated by NaOH or Ca(OH)2; this was done at different values of ionic strength, as obtained by adding the corresponding salts (NaCl or CaCl2). The results are given in Figures  3 and 4 ; increasing the ionic strength reduces the pH, which is fully consistent with the anticipation of the theoretical part influence of the term-logC-M. Besides, increasing the concen- tration of the counterion in the external medium increases also concerned with the neutralization of the fixed charges by NaOH, the absorption of the ion in the wail by shifting equilibrium (3) when the ionic strength is brought to 10-1 M, by adding NaCl. toward the right. This effect, already apparent with a monovalent When the results are plotted in a coordinate system cation, is even more enhanced when using a divalent one.
( (Fig. 5) ; it is fully consistent with the theo-retical model (equation 13). However, when the same experiment was repeated with a longer time of equilibration, we found a slope of about 0.5; it confirms the influence of other ionizable groups on the carboxylic acids; and, in the case of the neutralization by monovalent cations, it forces us to use a 1-h equilibration time to study quantitatively the carboxylic groups. Figure 6 gives the neutralization of the cell walls by Ca Table  II where we have recorded the values of KHM calculated when assuming pKa = 3.25 and varying the external concentrations. KHM decreases when the external salt concentration increases; that means that the affinity of the fixed charges is smaller for the counterions and bigger for the protons when the external ionic fractions of protons decrease. This fact, which has been already noted, is named the dilution effect. The consequence of the evolution of KHM is a small variation of the concentrations in free protons and counterions in the wall. The evolution of pKa' which follows the variation of KHM translates the same effect; hence the knowledge of pKa' appears very important when one is concerned with the state of the counterions in the cell walls. Changing the value of pKa from 3.25 to 2.5 reinforces these conclusions. The difference of course is the absolute value of the free protons in the wall the determination of which obviously would allow the problem to be solved fully. Isolation of the pectic acids from the cellulosic network and their physicochemical study could be the key to the problem.
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